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We have studied the transfer reation
14
N(
7
Be,
8
B)
13
C at Elab = 84 MeV, paying speial attention
to the eets of the oupling to the ontinuum in the exit hannel. Using the Continuum Disretized
Coupled Channels (CDCC) formalism, we nd that these eets are important for the desription
of the elasti sattering observables. However, for the transfer proess, dierenes between the
preditions of the dierential ross setion within the Distorted Wave Born Approximation (DWBA)
and the CDCC-Born approximation (CDCC-BA) are found to be negligible. This result supports
the use of the DWBA method as a reliable tool to extrat the S17(0) fator in this ase.
PACS numbers: 24.10.Ht, 24.10.Eq,25.55.Hp
I. INTRODUCTION
Many reation formalisms have been developed to
study stable and unstable nulei in the last few years
and applied to extrat struture information from sat-
tering proesses. Often, there is an interplay between the
struture information that should be extrated from the
reation data and the reation proess itself. Thus, in
eah ase, in order to extrat reliable struture informa-
tion, the adequay of the sattering formalism needs to
be addressed in detail.
Of timely importane is the oupling to breakup states
when the sattering proess involves loosely bound nulei.
Early analysis of elasti sattering with deuterons have
shown that it is important to inlude the ouplings to
the ontinuum [1, 2℄. More reently, the analysis of sat-
tering reations of loosely bound nulei has progressed
beyond the olletive optial model (OM) approah to a
more mirosopi treatment (i.e. [3℄ for elasti, [4℄ in-
elasti, [5, 6, 7, 8℄ breakup and [9℄ transfer reations).
In these approahes, the few body nature of the loosely
bound nuleus is inorporated ab initio in the sattering
model and the oupling to the breakup hannels are ei-
ther introdued expliitly [10, 11, 12℄, eetively through
polarization potentials [13, 14℄ or to all orders [15, 16℄.
The study of the oupling to the ontinuum in transfer
proesses with loosely bound nulei is also of relevane
for astrophysis. The asymptoti normalization oe-
ient (ANC) method [17℄ has been put forward as an al-
ternative way to obtain information about the low energy
S-fators. This method uses the absolute normalization
of a peripheral transfer reation to determine the normal-
ization of the verties involved in the proess. Its appli-
∗
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ability depends ruially on the validity of the DWBA
onventionally used. The main assumptions are that the
transition amplitude for the transfer an be evaluated in
Born approximation and that the inoming and outgoing
elasti waves are properly desribed in terms of eetive
optial potentials. Typially, the optial potentials used
in DWBA alulations are dedued from the analysis of
entrane (and exit, whenever existent) elasti sattering
data, to redue the unertainties of the ANCs extrated
from the transfer [18℄. The possibility of systemati er-
rors in this method has been a soure of onern [19℄. As
a result, several tests have been performed to ensure its
validity (see for example a omparison with diret mea-
surements [20℄ or the extration of the same information
from a set of dierent reations [21℄). Very reently, the
importane of oupling to exited inelasti hannels of
the target was assessed [22℄ and results emphasize that
are should be taken when hoosing the target.
A signiant number of the unmeasured apture rea-
tions of interest in astrophysis involve nulei on the drip
line [19, 23℄. The proximity of threshold suggests that
breakup hannels may play a role in their reation meh-
anism. These impliations have not yet been evaluated
for any of the transfer reations used so far. A prime
example is the extration of S17 from
14
N(
7
Be,
8
B)
13
C at
Elab=84 MeV [24, 25℄.
One of the reasons for
8
B attrating muh of the
nulear physis eorts is its relevane to astrophysis,
namely to the solar neutrino problem [19℄. The rst
experiment performed with the aim of extrating an
ANC for
8
B was a (d, n) reation [26℄. Meanwhile two
transfer reations on medium mass targets were mea-
sured with the same aim:
10B(7Be,8 B)9Be [24, 27℄ and
14
N(
7
Be,
8
B)
13
C [24℄ both at Elab=84 MeV. The joint
analysis of these reations [28℄ provided an auray for
S17(0) greater than that of the diret apture measure-
ments [29℄. Coupled hannel estimates [22℄ showed that
2the exited states of the target an have a strong inuene
when the target is
10
B but not when
14
N is used. Conse-
quently, the S17(0) value extrated from
10
B(
7
Be,
8
B)
9
Be
should not be used without further inelasti studies, but
the value extrated from
14
N(
7
Be,
8
B)
13
C remains valid
up to now. Until reently, S17 extrated from both the
transfer reation of [24℄ and the Coulomb Dissoiation
data [30℄ were onsistent with the diret apture mea-
surements. However, the very reent diret apture data
from Seattle [31℄ not only improves the auray, but
provides a S17(0) 30% larger than the previous values.
Whilst dierenes within the diret apture data sets are
being understood, all soures of possible systemati er-
rors in the analysis of the data from indiret methods
need to be heked. Given that, in
8
B, the proton is
bound by only 0.137 MeV, one an suspet that oupling
to ontinuum states may play an important role in the
reation dynamis and aet the ANC results.
The aim of this work is thus to study onsistently the
eets of ontinuum ouplings of
8
B, both in the elasti
sattering and the transfer proess. In setion II we dis-
uss the formalism used in both kinds of proesses. In
setion III we analyze the elasti sattering of
8
B+
13
C
and disuss the eets of oupling to the ontinuum in
the alulated dierential ross setion. In setion IV, we
analyze the transfer reation
14
N(
7
Be,
8
B)
13
C using the
CDCC-BA framework: Born approximation (BA) for the
transfer ouplings and Coupled Channel Continuum Dis-
retization (CDCC) for the
8
B ontinuum ouplings. Fi-
nally in setion V the onlusions of the work are drawn.
II. THEORETICAL FRAMEWORK
As mentioned previously,
8B is a weakly bound sys-
tem with a breakup p+7Be threshold lose to the ground
state. For many purposes this nuleus an be well de-
sribed by a two luster model in whih the valene pro-
ton is oupled to a
7
Be inert ore (e.g. [32℄). In order to
inlude the
8
B ontinuum states as intermediate steps in
the elasti or transfer proess we make use of the CDCC
formalism [10, 11, 12℄.
Consider the 3-body sattering problem of a omposite
nuleus A = C + v impinging on a stable nuleus c. The
full Hamiltonian for the problem is
H = hc + hA + Tα + Vα , (1)
where the Hamiltonian for the omposite nuleus A is
hA = TCv+VCv+hC+hv and Vα is the sum of interation
between the lusters and the stable nuleus c, Vα = VcC+
Vvc. Let r be the vc separation, and R the projetile-
target oordinate.
For simpliity, we ignore the internal spins in the no-
tation, and onsider only exitations of the projetile A.
Keeping in mind the appliation to loosely bound nu-
lei, we assume that A has only one bound state. Then
hAφ0(r) = ǫ0φ0(r) denes the ground state wavefuntion
and hAφℓm,k = ǫkφℓm,k denes the ontinuum states (la-
beled by the angular momentum ℓ, its projetion m, and
the linear momentum, k).
The CDCC method makes a double trunation of the
ontinuum in both energy and angular momentum, work-
ing in the subspae 0 ≤ k ≤ kmax and 0 ≤ ℓ ≤ ℓmax.
Moreover, the exitation energy range is subdivided into
a number of intervals, usually alled bins. For eah suh
bin a representative square integrable wavefuntion is
onstruted, by an appropriate superposition of the on-
tinuum funtions inside the bin. Thus, for a total angular
momentum J with projetion M , the CDCC sattering
wave funtion for the c+A system is expanded as
ΨCDCCJM (r,R) = [φ0(r)⊗ YL(Rˆ)]JMχ
J
0,L(R)
+
ℓmax∑
ℓ=0
J+ℓ∑
L=|J−ℓ|
N∑
i=1
χJi,L(R)
[
φi,ℓ(r)⊗ YL(Rˆ)
]
JM
, (2)
with N = kmax/∆k. Here φi,ℓ(r) are the bin wavefun-
tions; χJi,ℓL(R) and χ
J
0,L(R) are the radial wavefuntions
for the relative motion between c and A.
The radial funtions χJ0,L and χ
J
i,L are determined by
solving a set of oupled equations in the trunated spae.
The oupling potentials between dierent hannels are
given by:
Viℓ:i′ℓ′(R) = 〈φiℓ(r)|Vα(r,R)|φi′ℓ′(r)〉, (3)
where it is understood that i=0 stands for the ground
state. These oupling potentials inlude the g.s-g.s
matrix element (also known as the Watanabe poten-
tial), g.s.-ontinuum terms and ontinuum-ontinuum
ouplings. The latter an be handled in the same way as
the others beause the ontinuum bins have been made
square integrable. The wavefuntion (2) permits the de-
sription of the elasti and breakup proesses for the re-
ation A+ c.
Let us now onsider the transfer reation
a(C, A)c (a = c + v, A = C + v), where we have
hosen the notation suh that the exit hannel of the
transfer orresponds to the elasti hannel presented
above. The prior form of the transition amplitude for
the transfer reation proess is [33℄:
T
prior
= 〈Ψ
(−)
f |Vvc + UcC − Uα|χ
(+)
α φaφC〉, (4)
where Vvc is the the potential whih binds the v va-
lene partile to the c ore, UcC is the ore-ore potential,
and Uα is an arbitrary potential that generates the dis-
torted wave funtion in the entrane hannel χ
(−)
α . Note
that Ψ
(−)
f is the total exat wave funtion with outgoing
boundary onditions. In Eq. (4), Vvc is a real potential,
while Uα an be hosen either as real or omplex. It is
usually hosen as the optial potential Uα = UaC whih
reprodues the elasti sattering in the entrane hannel.
In pratie, Eq. (4) is not diretly used, as it re-
quires the knowledge of the exat solution of the 3-body
3Shrödinger sattering equation for the entrane parti-
tion, a rather ompliated problem on its own. Approxi-
mations of this general form are developed aording to
the desired appliations.
When the oupling between the partitions a + C and
A + c is suiently weak, the transfer proess an be
treated in Born approximation. Even in this situation, if
the oupling to some exited states of any of the parti-
tions is strong, the transfer proess an proeed via these
intermediate states. In these irumstanes, it is on-
venient to solve the oupled equations that inlude the
ouplings between the dierent exited states, followed
by the alulation of the transfer in Born approximation.
This proedure is known as the CCBA method (Coupled
Channels Born Approximation). When the oupling be-
tween the exited states of the same partition are weak,
a further approximation is ommonly performed, by ne-
gleting the expliit oupling to these states. This pro-
edure is known as Distorted wave Born approximation
(DWBA). Even when the ouplings are not so weak, they
may be at least partially taken into aount by an appro-
priate hoie of the optial potentials.
When weakly bound nulei are involved, the CCBA
is expeted to be a reasonable approah, beause the
transfer ross setion is small due to the unfavorable
Qmathing. However, ouplings to ontinuum states
may still be important, as these an at as intermedi-
ate steps in the rearrangement proess. It is not obvious
that the DWBA approah properly aounts for these
ontinuum eets. Nevertheless, this proedure has been
used reently in the analysis of reations involving weakly
bound systems as a tool to extrat the ANC information.
Therefore, it is timely to perform a detailed analysis of
the sattering frameworks used to desribed the transfer
proesses. In partiular, it is relevant to investigate to
what extent the eets of the oupling to the ontinuum
an be inorporated eetively in the optial potentials
used by the DWBA approah.
In the ase of elasti and inelasti sattering, a om-
mon proedure is to represent the ontinuum spetrum
in Ψ
(−)
f by a nite set of normalizable states, suh as
the CDCC expansion of Eq. (2). When rearrangement
hannels are to be onsidered, as in Eq. (4), beause the
transfer step itself is not strong we an plausibly approx-
imate the exat wavefuntion appearing in Eq. (4) by
the CDCC wavefuntion of Eq. (2). This proedure is
alled the CDCC-BA method. In CDCC-BA the exat
transition amplitude is approximated by:
TCDCC−BA
prior
= 〈Ψ
CDCC(−)
f |Vvc + UcC − UaC |χ
(+)
α φaφC〉 .
(5)
All ouplings inluded in the CDCC-BA applied to the
(
7
Be,
8
B) ase are shematially illustrated in Fig. 1.
Our hoie of the prior representation for the trans-
fer matrix element is not arbitrary. In post form, the
binding interation is that of the exiting projetile VvC
and the remnant term is the dierene between the ore-
ore interation UcC, and the optial potential for the exit
Be7
B8
l=0 l=3
Be7p +
...
Figure 1: Couplings inluded in the CDCC-BA alulation.
hannel UaC . However, this exit hannel optial potential
is often unknown: ontrary to the entrane hannel elas-
ti data, elasti sattering in the exit hannel annot be
measured in the same experiment, and in many ases it
is just unmeasurable as both projetile and target are ra-
dioative. It an then be found either by tting the sat-
tering from the CDCC model, or by extrapolating from
neighboring nulei. The prior form of the CDCC-BA ap-
proah, by ontrast, does not require any knowledge of
the optial potential Uβ for this exit hannel. It seems
more appropriate, therefore, to use the prior form rep-
resentation of the transition operator and, onsequently,
all the alulations presented hereafter were performed
in this representation.
The further approximation of the CDCC by just its
elasti hannel, found with some optial potential Uβ,
gives the DWBA transition amplitude in prior form:
TDWBA
prior
= 〈χ
(−)
β φAφc|Vvc + UcC − UaC |χ
(+)
α φaφC〉 . (6)
This simple approximation, very ommonly used in ANC
analyses, still requires knowledge of the optial potential
for the exit hannel UaC, and hene suers from the di-
ulties enumerated above. However, if the transfer ross
setions are not very sensitive to this potential, then the
DWBA will still be a useful proedure. We examine this
sensitivity below, by studying the degree of agreement
between the DWBA and the CDCC. In both approahes,
the remnant term of the transition matrix element for
systems where a nuleon is transferred from a well bound
state to a loosely bound state (or vie-versa) is often not
negligible and should be aounted for properly.
III. THE ELASTIC SCATTERING
8
B +
13
C
We investigate in this setion the elasti sattering
8
B
+
13
C at E
lab
=78.4 MeV, whih is the exit hannel in the
4Table I: Parameters of the potentials used in this work.
Depths are expressed in MeV and radii and diuseness in
fm. The rst rows orrespond to optial potentials and the
bottom rows are the binding potentials. Redued radii are to
be multiplied by A
1/3
P +A
1/3
T for nuleus-nuleus and by A
1/3
T
for nuleon-nuleus sattering.
System V Vso rV aV WV WS rW aW rC Ref.
7
Be+
13
C (1) 54.3 0.92 0.79 29.9 1.03 0.69 1. [25℄
7
Be+
13
C (2) 99.8 0.77 0.81 22.0 1.01 0.81 1. [25℄
p+13C 60.4 1.14 0.57 5.8 1.14 0.50 1.25 [34℄
p+7Be 44.7 4.9 1.25 0.52 1.25 [32℄
p+13C 51.4 1.30 0.65 1.30
transfer reation we wish to analyze in the present work.
In partiular, we study the importane of the ontinuum
in the alulated dierential ross setion. This reation
was previously analyzed in the work of [25℄ using a renor-
malized double folding (RDF) potential obtained by an
analysis of nearby stable nulei. A parameterization of
this RDF potential in terms of usual Woods-Saxon forms
was also derived by tting the outer part of the RDF
potential. Sine these tted potentials may dier in the
inner part from the original RDF potentials, we used the
latter in our alulations, as in the results presented in
[25℄. As this interation is derived from a systemati
study on stable nulei, it is not lear how adequate are
these extrapolations to loosely bound nulei. Elasti data
for
8
B +
13
C would help to shed light on these issues.
In this setion we analyze the same reation in terms of
the CDCC formalism, for two reasons. First, this treat-
ment allows an expliit study of the role of the ontinuum
and, seond, it provides an alternative analysis to the
RDF whih does not require the optial potential for
8
B
+
13
C, thus providing a valuable referene in the absene
of experimental data.
An important ingredient of the CDCC alulation is
the bound state wavefuntion of the
8
B nuleus. For
the binding potential, we have adopted the parameters
given in [32℄ and listed in Table I. The valene proton
wavefuntion is onsidered to be a pure p3/2 onguration
oupled to a zero spin ore of
7
Be with unit spetrosopi
fator. Although it is known that there is a p1/2 whih
has a small ontribution to the ross setion [24℄, we hose
to neglet it to make the CDCC alulations feasible.
The interation between the projetile
8B, and the tar-
get
13
C to be used in the CDCC alulation is written as
the sum of the interations U(7Be,13C) and U(p,13C). No
experimental data for the elasti sattering
7
Be +
13
C at
the relevant energies (≈68 MeV) have been found in the
literature. Nevertheless, the similarity in the struture
of
7
Be and its mirror partner
7
Li suggests to desribe
this reation using the potential taken from the reation
7
Li+
13
C, for whih experimental data exists at 63 MeV.
The U(p,13C) was taken from nuleon-nuleus global pa-
rameterizations.
Convergene of the CDCC results was ahieved with
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(a) (b)
Figure 2: a) p + 13C dierential elasti ross setion for dif-
ferent optial potentials. b) CDCC dierential elasti ross
setion angular distribution for
8
B+
13
C at 78 MeV using dif-
ferent parameterizations for the p + 13C interation.
mathing radius of 40 fm and maximum total angular
momentum of Lmax=100. The ontinuum spetrum was
divided into N = 10 bins of equal energy width in the
range from 0 to 9 MeV. We took into aount s, p and d
ontinuum partial waves. All the alulations were per-
formed with the omputer ode FRESCO [35℄.
We heked the sensitivity of the alulation with re-
spet to the U(7Be,13C) and U(p,13C) interations. To
analyze the unertainty assoiated with the interation
U(p,13C), we ompare in Fig. 2(a) the alulated dier-
ential ross setion for the p+13C elasti sattering (as ra-
tio to Rutherford), using several proton-
13
C interations,
adopted from the global parameterizations of Watson
[34℄, represented by the solid urve, Behetti-Greenless
[36℄ (dashed line) and Perey [37℄ (dashed dotted line). In
all three ases the spin-orbit term was omitted.
The alulated CDCC elasti angular distributions
shown in Fig. 2(b) with the Watson and Perey parameter-
izations are very similar, but signiantly dierent from
that alulated with the Behetti-Greenless potential.
As is well known, the Behetti-Greenless parameteri-
zation is better suited for medium and heavy mass nu-
lei, and for higher sattering energies. Thus, the use of
this optial potential to desribe the sattering of p+13C
around 10 MeV may be questionable. This, together with
the fat that the Watson and Perey parameterizations
provide essentially the same elasti sattering, suggests
that we an use either of these with some ondene.
From hereafter, the Watson potential of [34℄ will be used
in all the CDCC alulations.
We study now the sensitivity of the alulated dier-
ential ross setions with respet to the U(7Be,13C) po-
tential. Fig. 3(a) shows the alulated elasti satter-
ing ross setion for
7
Be+
13
C using the potentials Pot1
(solid urve), Pot2 (dashed-dotted urve) from the rea-
tion
7
Li+
13
C at 63 MeV analysed in [25℄ and listed in
Table I. Also inluded in Fig. 3(a) is the result obtained
with the optial potential U(7Be,14N) (dashed line). In
50 30 60 90
θ
cm
 (degrees)
10-4
10-3
10-2
10-1
100
σ
/σ
R
0 30 60 90
θ
cm
 (degrees)
10-3
10-2
10-1
100
U(7Be,13C)=Pot 1
U(7Be,13C)=Pot 2
U(7Be,13C) from U(7Be,14N)
7Be+13C @ 68 MeV 8B+13C @ 78.4 MeV
(a) (b)
Figure 3: a) Calulated dierential ross setion angular
distribution for
7
Be +
13
C at 68.6 MeV within the optial
model formalism using dierent potential parameterizations.
b) Corresponding CDCC elasti sattering for
8
B+
13
C at 78.4
MeV.
Fig. 3(b) we show the orresponding CDCC alulations
for the
8
B +
13
C elasti sattering at 78.4 MeV. It is
observed that the CDCC alulations for
8
B+13C, us-
ing potentials Pot1 and Pot2, give very similar results,
whereas when the ore-target potential is taken to be
U(7Be,14N), a somewhat bigger dierene is enountered
beyond 30 degrees. In the following, we will use Pot1 as
the ore-target interation.
Finally, we ompare in Fig. 4 the CDCC (thik solid
line) and pure OM alulations. The thin solid line is the
OM alulation, using the RDF potential derived in [25℄.
This agrees very well with the CDCC at small angles (up
to 25 degrees), but presents signiant disrepanies be-
yond this range. Also inluded in this gure is an OM
alulation using the same double folding potential, but
tting the real and imaginary renormalization onstants
to approximate the CDCC result. We found that a value
of Nr = 0.427 and Ni = 0.883 (dotted-dashed line) pro-
vides an exellent agreement between both alulations,
in ontrast to the value Nr ≃ 0.366 (thin solid line) pro-
posed in [25℄. Any experimental results for this reation
at θ > 30 degrees would help larify the adequay of
global parameterizations for loosely bound nulei.
We have also estimated the eet of the
8
B ontin-
uum on the alulated elasti sattering ross setion.
To this end we ompare in Fig. 5 the elasti dieren-
tial ross setion using the full CDCC alulation (thik
solid line) with a alulation in whih all ouplings with
ontinuum states have been ignored (dotted line). The
latter is equivalent to a optial model alulation in whih
the projetiletarget interation is desribed in terms of
the Watanabe folding potential. Also represented is the
CDCC without ontinuumontinuum ouplings (dashed
line). It an be seen that this trunated alulation pro-
vides ross setions whih are already very lose to those
produed by the full CDCC alulation, suggesting that
multistep proesses oupling dierent ontinuum states
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Figure 4: Elasti ross setion angular distribution (as ratio
to Rutherford ross setion) alulated in the CDCC frame-
work (thik solid line) and renormalized double folding with
the real renormalization onstant proposed in Ref. [25℄ (thin
solid line) and with renormalization onstant adjusted to t
the CDCC (dotted-dashed line).
are not very relevant in this reation. The main CDCC
eet appears to be a redution of the ross setions
aused by absorption due to breakup at near-grazing ol-
lisions.
IV. THE TRANSFER REACTION
14
N(
7
Be,
8
B)
13
C
We analyze in this setion the transfer reation
14
N(
7
Be,
8
B)
13
C at 84 MeV, within the DWBA and
CDCC-BA approahes. In order to make a reliable om-
parison between both formalisms we have alulated the
transition amplitudes in Eq. (6) and Eq. (5) using the
same ore-ore interation, UcC: we take Pot1 from Ta-
ble I. For the binding potential (Vvc) of p +
13
C we used
the parameters listed in Table I. The entrane hannel
was desribed in terms of the numerial RDF potential
derived in [25℄. The DWBA alulation requires also the
exit optial potential Uβ= U(
8
B,
13
C), whih we also took
from [25℄ in numerial form.
The ground state and ontinuum struture of
8
B
needed for the CDCC alulation was taken to be the
same as the one in the previous setion. The
14
N ground
state was desribed as a proton in a p1/2 onguration,
with spetrosopi fator 0.604 [24℄. For the purpose of
omparing the present alulations with the data we have
renormalized all the alulated transfer ross setions by
the spetrosopi fator Sp3/2=0.737. This value was de-
rived from the ANC reported in [24℄ for the p3/2 ong-
uration in the
8
B ground state (C2p3/2=0.371 fm
−1
) and
the alulated asymptoti normalization onstant for the
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Figure 5: Eet of the ontinuum in
8
B +
13
C elasti satter-
ing at 78 MeV. The dotted line is the Watanabe alulation
(i.e., the CDCC alulation without gsontinuum ouplings).
The dashed is the CDCC with gsontinuum ouplings, but
no ontinuumontinuum ouplings. The solid line is the full
CDCC alulation with both gsontinuum and ontinuum
ontinuum ouplings.
single-partile orbital. All
8
B ontinuum ouplings are
taken into aount, but no transfer bak-ouplings are
inluded, as this would worsen the t to the elasti sat-
tering in the entrane hannel.
Note also that our simplied desription of
8
B in terms
of a proton oupled to a zero spin ore provides a ross
setion whih, after multipliation of the fator (2IA +
1)(2Ic + 1)/(2Ia + 1)(2IC + 1), is equivalent [38℄ to the
ross setion alulated with orret spins.
The resulting transfer ross setions are presented in
Fig. 6. The thik solid line orresponds to the full
CDCC-BA alulation. The thin solid line represents
the DWBA alulation with a renormalized double fold-
ing (RDF) potential for the entrane and exit hannels,
using Nr=0.366 for the two potentials. The resulting an-
gular distribution is very lose to the CDCC alulation,
diering by only 5% at the maximum of the distribution,
whih is unmeasurable within the present experimental
auray.
We stress however, that, as shown in the previous se-
tion, OM and CDCC give dierent preditions for the
elasti sattering in the exit hannel at large angles. Un-
der the irumstanes, we believe that the CDCC pre-
ditions for the elasti
8
B+13C is more reliable (see dis-
ussion in setion III). Notwithstanding, we have shown
that these oupling eets an be easily inluded in the
optial potential by adjusting the renormalization on-
stants. We have then performed a DWBA alulation
using the RDF with a omplex renormalization onstant
Nr = 0.427, Ni = 0.883, aurately reproduing the
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Figure 6: Calulated transfer ross setion angular dis-
tribution for the reation
14
N(
7
Be,
8
B)
13
C at 84 MeV. The
thik solid line orresponds to the full CDCC-BA alula-
tion. The dotted line is the CDCC-BA alulation without
gs-ontinuum ouplings. The thin solid line is the DWBA
alulation using the RDF optial potential for exit hannel
with Nr = 0.366. The dotteddashed line is the DWBA al-
ulation with the same RDF potential, but with the omplex
renormalization onstant Nr = 0.427 and Ni = 0.833. All the
CDCC-BA alulations inlude the fator 5/16 to aount for
the physial nulei spins, as disussed in setion III.
CDCC elasti preditions (dotdashed line in Fig. 6).
Despite the fat that this hange in the renormalization
onstants modies signiantly the elasti ross setions
of the exit hannel beyond 30 degrees, the resulting trans-
fer ross setion remains basially unaltered up to 25 de-
grees, the angular range used in [24℄ to extrat the ANC
information. This result seems to support the peripheral
nature of this reation. Also shown in the gure is the
alulated transfer ross setion without ontinuum ou-
plings (dotted line). This appears to be very similar to
the full CDCC alulation. The similarity between all
urves demonstrates the minor role played by the on-
tinuum of
8
B and onrms the DWBA formalism as an
adequate tool to extrat the ANC in this reation, as
done in [24℄.
In order to hek the dependene of this result with the
bombarding energy, we ompared the CDCC and DWBA
at other energies. We found that the eet of the on-
tinuum dereases as the inident energy inreases. For
instane, at 160 MeV the transfer ross setions alu-
lated in CDCC-BA and DWBA dier by less than 1% at
angles up to 30 degrees. By ontrast, at 40 MeV dier-
enes of around 8% where found at the maximum of the
angular distribution.
7V. CONCLUSIONS
In summary, we have studied the reation
14
N(
7
Be,
8
B)
13
C at 84 MeV, plaing speial stress
on the importane of the ontinuum of
8
B in the de-
sription of the exit hannel and in the transfer proess.
This reation has been reently measured and analyzed
within the DWBA formalism [24℄, in order to extrat
the astrophysial S17 fator for the apture reation
7Be + p →8 B. The validity of this proedure relies on
the assumption that the transfer reation ours in one
step and, also, that the entrane and exit hannels are
well desribed by optial potentials.
The importane of the
8
B ontinuum in the reation
mehanism has been analyzed by desribing the
8
B+
13
C
sattering in terms of p+13C and 7Be+13C optial poten-
tials and disretizing the
8
B ontinuum into energy bins.
The elasti ross setions given by the CDCC solution
has been ompared with those obtained in the optial
model analysis performed in [25℄. In this referene, the
elasti sattering of
8
B+
13
C was analyzed in terms of a
double folding optial potential, using a renormalization
onstant derived from a systemati analysis of several re-
ations involving stable nulei in the same energy and
mass region. We found that the alulated dierential
elasti ross setion is very similar in both approahes
at forward angles, but they dier signiantly at larger
angles. This result ast doubt on the extrapolation of
the global optial potentials derived from stable nulei
to loosely bound nulei. Interestingly, in this reation
the CDCC eets an be aounted for very well by or-
reting the normalization of the double folding potential.
The alulated CDCC wave funtion is then used in the
expression for the transfer amplitude. Despite the dis-
repanies on the elasti sattering of the exit hannel
at large angles, the alulated transfer ross setions are
very similar in the DWBA and CDCC-BA approahes
below 25 degrees, whih was the angular range used to ex-
trat the ANC for this reation. Taking into aount the
result of [22℄, where oupling to exited (bound) states
was also found to be negligible, to the auray of the
present transfer data, the present analysis supports the
validity of the DWBA method as a reliable tool to ex-
trat the Sfator from the 14N(7Be,8B)13C reation at
the studied energy. Consequently, these higher order or-
retions to the DWBA annot justify the disagreement
between the S17 extrating using the ANC method and
the new diret results from Seattle [31℄.
Similar heks for other reations that involve loosely
bound nulei are underway. As the struture of
8
B was
simplied, some interferene eets ould not be probed
in this work. Even if less important when ontinuum ou-
pling eets are small, these eets should generally be
properly inluded. This problem is also being addressed.
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